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(54) 

(57) In a receiver (1 00), a receiver unit (1 1 0) demod- 
ulates a radio frequency (RF) signal into an audio signal 
( v audio) and provides a strength signal (V^,). The 
strength signal has a magnitude proportional to the field 
strength of the RF signal. A mute switch (120) selective- 
ly forwards the audio signal to a speaker (130). An an- 
alyzer (1 40) identifies a first event when the change rate 
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of the magnitude of the strength signal is larger than a 
predetermined threshold change rate and identifies a 
second event when the magnitude of the strength signal 
goes below a predetermined threshold signal. The mute 
switch opens when both events occur simultaneously 
and thereby prevents the speaker from outputting un- 
wanted demodulator noise. 



Receiver with audio mute switch controlled by field strength analyzer 
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Description 

Field of the Invention 

[0001] The present invention generally relates to ra- 
dio receivers, and particularly, to receivers having a 
mute function. 

Background of the Invention 

[0002] Radio receivers that demodulate radio fre- 
quency (RF) signals (e.g., frequency modulation (FM)) 
to audio signals (or data signals) are conveniently as- 
sociated with squelch circuits to suppress unwanted de- 
modulator noise by monitoring the audio signal and se- 
lectively closing and opening a mute switch in the audio 
path to the speaker. 

[0003] FIG. 1 illustrates simplified time diagram 1 0 of 
the audio signal before (1 1 , 1 2) and behind (t 1 , 1 2', 1 2") 
the mute switch, indications of the presence 13 or ab- 
sence 1 4 of a carrier in the RF signal, and indications of 
the switch positions closed 1 5 and open 1 6 of the mute 
switch. 

[0004] As long as until t 1 the carrier is present 1 3, the 
audio signal before and behind the closed switch is a 
useful signal, e.g., voice, music, or data (hereinafter col- 
lectively ■voice") as indicated by traces 11 and 11\ re- 
spectively. When at t, the carrier becomes absent 14, 
the audio signal becomes noise 12. Since the switch is 
still closed, the speaker outputs noise burst 12' ("noise 
tair). Often, noise burst 12' has a signal magnitude that 
is, in average over the time, higher (e.g., 1 .5 times) that 
the average magnitude of voice 11'. 
[0005] After detecting the noise, the squelch circuit 
opens the switch at t^. Hence, speaker outputs noise 
burst 12' followed by substantial silence 12". For cor- 
rectly detecting noise 12, the squelch circuit constantly 
integrates the audio signal. The burst duration T DURST 
from t-j to t 2 (between 50 and 60 or more milli seconds) 
is related to integration constants that are multiple (e.g., 
1000) of the shortest periods of voice 11 and noise 12 
(e.g., > 0.1 milli second for a < 1 0 kHz signal). 

Detailed Description of the Drawings 

[0006] 

FIG. 1 illustrates a simplified time diagram of an au- 
dio signal before and behind a mute switch, 
indications of the presence or absence of an 
RF carrier, and indications of the switch posi- 
tions; 

FIG. 2 illustrates a simplified block diagram of a re- 
ceiver according to a first embodiment of the 
present invention; 

FIG. 3 illustrates a simplified block diagram of a re- 
ceiver according to a second embodiment of 
the present invention; 



FIG. 4 illustrates a simplified a simplified block dia- 
gram of a microprocessor controlled receiver 
in a third embodiment of the present inven- 
tion; 

5 FIG. 5 illustrates a simplified time diagram of a 
strength signal used in the embodiments of 
the invention; and 
FIG. 6 illustrates a simplified time diagram in com- 
parison to the time diagram of FIG. 1 . 

Detailed Description of the Embodiments 

[0007] FIG. 2 illustrates a simplified block diagram of 
receiver 100 according to a first embodiment of the 
present invention. Receiver 1 00 comprises receiver unit 
110, mute switch 120, electro-acoustic transducer 130 
(e.g., speaker), and analyzer 1 40 (dashed frame). Pref- 
erably, analyzer 140 is implemented with event detec- 
tors 141 and 142 as well as AND-gate 143. The radio 
frequency (RF) signal arrives at receiver unit 110 via an 
antenna (not shown) or via further RF circuitry. 
[0008] Receiver unit 110 demodulates the radio fre- 
quency (RF) signal into audio signal IV AUDIO l and pro- 
vides a strength signal IV^I that is, preferably, a Signal 
Strength Indicator (SSI). A time diagram for IV^I is ex- 
plained in connection with FIG. 5. 
[0009] Mute switch 120 selectively forwards the audio 
signal to analyzer 140 which identifies first (1) and sec- 
ond (2) events and causes mute switch 120 to open 
when both events (1)(2) occur simultaneously. 
[001 0] The first event (1 ) occurs when the change rate 
of the magnitude of the strength signal is larger than a 
predetermined threshold change rate (e.g. expressed in 
milli volt per milli second), that is 

IdVss./dtl > |AV/A71 (1) 

The symbol || indicates absolute values. 
[001 1 ] The second event (2) occurs when the magni- 
tude of the strength signal (IVssiO 9 oes below a prede- 
termined threshold signal (e.g., expressed in milli volt), 
that is 

|Vss.h|V U Mm!. (2) 

[0012] In analyzer 140, detectors 141 and 142 issue 
first (E1) and second (E2) event signals (e.g., logical "1" 
for occurrence, "0" for non-occurrence), respectively. 
AND-gate 143 conjunctively relates event signals E1 
and E2 to control signal CONTROL for mute switch 1 20, 
that is 

CONTROL = E1 AND E2. (3) 
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[0013] For example, mute switch 120 opens if CON- 
TROL toggles to logical "1 " and closes if CONTROL tog- 
gles to logical "0". Persons of skill in the art can modify 
the logic, for example, by using Morgan's rules, without 
departing from the scope of the present invention. 
[0014] Preferably, receiver 1 00 provides the strength 
signal IV^,! by rectifying the RF signal {e.g., naif wave 
rectification). Hence, the DC part of I V^l is proportional 
to the field strength of the RF signal. Rectifying the RF 
signal with an averaging time constant between 1 0 
to 10.000 signal periods is convenient. 
[001 5] Strength signal I V^l can be an analog signal; 
having it represented as a voltage is convenient for ex- 
planation, but not essential for the present invention, it 
can also be represented as a current. The strength sig- 
nal IVg^l can also be represented in a digital form. 
[0016] In an SSI estimate, receiver unit 110 measures 
the level of the received signal on the desired RF fre- 
quency. This measurement provides a summation of 
signal levels including the desired information signal, 
the co-channel interference, and the noise on the de- 
sired RF channel. 

[0017] For FM receivers, it is convenient if receiver 
unit 110 derives IV^,! from an RF signal being the in- 
termediate frequency (IF) signal, for example, in the 
10.7 mega hertz (MHz) band. 

[0018] FIG. 3 illustrates a simplified block diagram of 
receiver 200 according to a second embodiment of the 
present invention. In FIGS. 2-3, reference numbers 
1 00/200, 110/210,1 20/220, 1 30/230, 1 40/240, 1 41 /241 , 
142/242, 143/243, and symbols E1 , E2, IVss,!, IV AUD10 I 
and RF stand for analogous components or signals. 
Preferably, receiver 200 further comprises delay unit 
250, OR-gate 270 and audio squelch detector 260. 
[0019] Delay unit 250 keeps mute switch 220 opened 
for a predetermined mute time interval T MUTE after an- 
alyser 240 has detected the removal of the carrier signal 
from the RF signal. Preferably, T MUTE is longer than a 
conventional burst duration Tbupsj (cf. FIG. 1). In other 
words, delay unit 250 holds control signal CONTROL 
(AND-gate 240) in turn-off position (e.g., logical "1 ") for 
a predetermined mute time interval (T MLrrE ). 
[0020] Audio squelch detector 260 monitors audio 
signal IV AUD(0 I. Operating as in a conventional squelch 
circuit, detector 260 provides a further mute signal M to 
switch 220 (via OR-gate 270). OR-gate 270 combines 
signal M with control signal CONTROL so that the signal 
CONTROL' acting on switch 220 is obtained as 

CONTROL' = CONTROL OR M (4) 

[0021] FIG. 4 illustrates a simplified a simplified block 
diagram of a microprocessor controlled receiver 300 in 
a third embodiment of the present invention. In FIGS. 
2-4, reference numbers 100/2007300, 110/210/310 (re- 
ceiver unit), 120/220/320 (switch), 130/230/330 (speak- 
er) stand for analogous components. Receiver 300 fur- 



ther comprises microprocessor 380 implementing the 
functions of analyzer 140/240 with event detectors 
141/241, 142/242, ANE>gate 143/243 (cf. FIG. 2), and 
optionally, delay unit 250, OR-gate 270 and audio 

5 squelch detector 260 (cf. FIG. 3). As indicated by ana- 
log-to-digital converters (ADCs) 381 and 382, processor 
380 receives representations of IV^,! and I V AUDIO l, re- 
spectively, in digital form. Optionally, microprocessor 
380 is a digital signal processor (DSP) 

10 [0022] FIG. 5 illustrates a simplified time diagram of 
a strength signal IV^I used in the embodiments of the 
invention. While IV^i has convenient magnitudes in 
the range between 0.5 and 2 volt as indicated on the 
ordinate axis; IAV/AT1 has convenient values between 

is 1 volt per second (for normal signal strength change 
while receiving a earner) and 10.000 volt per second 
(when receiving comes to an end) as indicated by 
dashed-point line 20. However, other values can also 
be used. Line 25 in parallel to the abscissa axis indicates 

20 the predetermined threshold signal IV UMrr l. Bold line 21 
indicates strength signal IVss,! complying with both 
event conditions (1) and (2); dashed line 22 indicates 
strength signal IVss, I not complying with any of the con- 
ditions. 

25 [0023] FIG. 6 illustrates a simplified time diagram in 
comparison to the time diagram of FIG. 1 . Reference 
numbers are as in FIG. 1 . Additionally, FIG. 6 illustrates 
event signals E1 and E2 (cf. FIGS. 2-3) and signal CON- 
TROL (cf. relation (3)). It is an advantage of the present 

30 invention that T BURST is shorter than for the prior art. As 
mentioned above, this is accomplished by primarily 
monitoring lv*ssil instead of monitoring I V AUD)0 I only. 

35 Claims 

1 . A receiver (1 00) comprising: 

a receiver unit (110) to demodulate a radio fre- 
40 quency (RF) signal into an audio signal (V AU _ 

dk>) and t0 provide a strength signal (SSI) that 

has a magnitude proportional to the field 

strength of said RF signal; 

a mute switch (120) to selectively forward said 
45 audio signal to an electro-acoustic transducer 

(130); 

an analyzer (140) to identify a first event when 
the change rate of the magnitude of the 
strength signal is larger than a predetermined 
so threshold change rate, to identify a second 

event when the magnitude of the strength sig- 
nal goes below a predetermined threshold sig- 
nal, and to open said mute switch when said 
first and second events occur simultaneously. 

55 

2. The receiver of claim 1 , wherein said receiver unit 
provides said strength signal by rectifying said RF 
signal. 
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3. The receiver of claim 2, wherein said receiver unit 
provides said strength signal as a Relative Signal 
Strength Indicator (SSI) signal 

4. The receiver of claim 3, wherein said SSI signal is 5 
a voltage signal or a current signal. 

5. The receiver of claim 1 , wherein the RF signal is an 
intermediate frequency (IF) signal. 

10 

6. The receiver of claim 1 keeping said mute switch 
opened for a predetermined mute time interval 

(Tmute)- 

7. The receiver of claim 1 , wherein said analyzer com- is 
prises a first event detector (141) and a second 
event detector (142) to issue first and second event 
signals, respectively, and comprises a gate (143) to 
conjunctively relate said first and second event sig- 
nals to a control signal (CONTROL) for said mute 20 
switch. 

8. The receiver of claim 7, further comprising a delay 
unit (250) to hold said control signal in turn-off po- 
sition for a predetermined mute time interval 25 
0"mute)* 

9. The receiver of claim 9 further comprising an audio 
squelch detector (260) that monitors said audio sig- 
nal and provides a further mute signal to said 30 
switch. 

10. The receiver of claim 1 0 further comprising an OR- 
gate (270) to combine said further mute signal with 
said control signal. 35 

1 1 . The receiver of claim 1 wherein said analyzer is im- 
plemented by a microprocessor. 
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